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INTRODUCTION: Narrative that briefly (one paragraph) describes the subject, purpose and scope 
of the research. 

 
The overall subject of this research project is blast-traumatic brain injury (blast-TBI) 
and the role of the SUR1-regulated NCCa-ATP channel in secondary injury following 
blast-TBI. The specific objectives of this research project may be summarized as follows:  
(1) develop a standardized rat model of blast-TBI, to permit study of direct transcranial 

effects of blast on the brain, independent of indirect transthoracic blast effects; 
(2) using this rat model, determine the specific role of the SUR1-regulated NCCa-ATP 

channel in blast-TBI, including testing whether block of SUR1 using glyburide 
(glibenclamide) would show a beneficial effect in blast-TBI;  

(3) in normal human volunteers, determine the safety of oral glyburide (glibenclamide) 
as it might be used as prophylaxis against blast-TBI. 

 
NOTE: Rather than being final, this report covers research activity only in the time 

period between 07/01/2012 and 07/02/2013 which reflects requested modification 
of the grant to extent project for one more year without additional funds. 

 
 
BODY: This section of the report shall describe the research accomplishments associated with each task 
outlined in the approved Statement of Work. Data presentation shall be comprehensive in providing a 
complete record of the research findings for the period of the report. Provide data explaining the 
relationship of the most recent findings with that of previously reported findings. Appended publications 
and/or presentations may be substituted for detailed descriptions of methodology but must be referenced 
in the body of the report. If applicable, for each task outlined in the Statement of Work, reference 
appended publications and/or presentations for details of result findings and tables and/or figures. The 
report shall include negative as well as positive findings. Include problems in accomplishing any of the 
tasks. Statistical tests of significance shall be applied to all data whenever possible. Figures and graphs 
referenced in the text may be embedded in the text or appended. Figures and graphs can also be 
referenced in the text and appended to a publication. Recommended changes or future work to better 
address the research topic may also be included, although changes to the original Statement of Work must 
be approved by the Army Contracting Officer Representative. This approval must be obtained prior to 
initiating any change to the original Statement of Work. 
 
During last year of the project we concentrated our efforts on the following tasks: 
 

1) Detailed anatomical evaluation of the cells de novo expressing SUR1 protein, 
correlation between SUR1 and neuronal injury through immunohistochemistry of 
neurodegenerative and apoptotic proteins, including microglia/reactive 
astrocytosis. 

2) Evaluation of the effect of glibenclamide administered post Blast TBI on the short 
term and long term neurobehavioral outcomes. 

3) Evaluation of the prophylaxis effect of glibenclamide administered prior to Blast-
TBI on the short term and long term neurobehavioral outcomes. 
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 Summary of animal use: 
 
In the time period between 07/01/2012 and 07/02/2013, 
total rats used was 209, including 14 naïve, 42  sham, 17 exclusions,  108 blasted rats  
 
Overall, primary blast death 44, (including 1 anesthesia death). 
 
For experiments  with Post Blast-TBI glibenclamide treatment:  
 
BDC 24.5cm  
Total animal usage 106 rats 
   27 sham, 4 exclusions, 1 anesthesia death, 28 Blast death, 46 treatments. 
  
BDC 29.5 cm 
Total animal usage 72 rats 
     15 sham, 11 exclusions, 15 blast death, 31 treatment. 
  
For experiments with prophylaxis glibenclamide Blast-TBI treatment:  
 
BDC 29.5 cm 
Total animal usage 31 rats 
    14 Naive, 15 treatment, 2 exclusions. 
 
 
 

 
A detailed description and validation of the Cranium Only Blast Injury Apparatus 

(COBIA) to deliver blast overpressures generated by detonating .22 caliber cartridges of 
smokeless powder was published  in J. Neurotrauma (1). Our published data 
demonstrate our central thesis that exposure of the head alone to severe blast 
predisposes to significant neurological dysfunction. 

 
 

SUR1 and TRPM4 are the regulatory and pore-forming subunits, respectively, of the 
SUR1-regulated NCCa-ATP channel, which is the target of glibenclamide (to be studied in 
Objective 1c and 1d). This channel and its subunits are not normally expressed but are 
transcriptionally upregulated post-injury, as we recently reviewed.2 It is thus important 
to determine the time course for upregulation of the channel, because this determines 
the treatment window during which glibenclamide treatment needs to be started. 
Similarly, it is important to determine the time course of downregulation, because this 
determines the length of time that treatment must be continued post-injury.  

 
 

Objective 1a: establish the usable working range for the “intensity-response” 
relationship between blast intensity and outcome in our blast-TBI model 

Objective 1b: determine the time course for SUR1 and TRPM4 upregulation and 
downregulation post-blast-TBI. 
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In the previous reports we presented data showing that newly expressed SUR1 and 

TRPMr proteins and corresponding upregulation of the RNA can be detected as early as 
4 hour after Blast-TBI and expression levels of these proteins are elevated for up to & 
days. 
 
 
Summary of the work done: 
In the time period between 07/01/2012 and 07/02/2013, we continued  harvesting  and 
processing brain tissues  from the rats subjected to the Blast-TBI. The proteins that are 
being analyzed in the brain tissues are summarized in table 1. 
 
 
Table 1: Antibodies/markers used for histology, Immunohistochemistry and 
immunology 
 
 
Proteins and number of brain samples 
analyzed 

Assays Histology 

SUR1 (sulfonylurea-receptor 1)     56 Tunel H & E 
TRPM4 (melastatin transient receptor potential) 
35                       

In situ Hybridization Nissl 

GFAP (Glial fibrillary acidic protein)    10 Immunoprecipitation  
NeuN (neuronal  marker)   24 Western blot  
APP (Beta-amyloid precursor protein)   64 qPCR  
Casp 3 (caspase 3)  28 Tissue hemoglobin 

detection 
 

SP1 (ischemic, hypoxic marker) 7   
ED1 (microglial marker)   36   
MPO (Myeloperoxidase)  7   
Iba1 (ionized calcium-binding adaptor molecule-
1)   7 

  

TNFα (tumor necrosis factor alpha)   7   
IgG (immune-globulin G)    21   
Lam (Laminin)   19   
5-HT (serotonin)   21   
P65   5   
TPH (tryptophan hydroxylase)   13   
Fluoro-Jade  (neurodegenerative marker) 7    
vWF von Willebrand factor (vessel marker) 5   

 
 
The tissues collected from rats subjected to the Blast-TBI with and without 

glibenclamide treatment are currently continued to be analyzed for the cellular markers 
and markers of the neuroinflammation. We expect that result of these analyses will 
allow to associate neuroinflammatory changes in different brain areas with 
neurobehavioral deficits observed after Blast –TBI.  Additionally we expect that these 
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analyses will show correlation of the beneficial effect of the glibenclamide in Blast-TBI 
with reduced neuroinflammation. 
 

 
The rationale for study of glibenclamide is reviewed in detail in the original 

submission and from our extensive studies done in our lab (ref. 2,3,4,5), as well as the 
data shown in the previous reports (objectives 1a and 1b). 

 
GLP (Good Laboratory Practice) compliance.  Prior to beginning of the final work 

on Objective 1c and Objective 1d, we have written and certified all required SOP’s 
(Standard Operating Procedures) , all experimental equipment was calibrated and 
certified. All personnel involved in these experiments underwent GLP training. Training 
included Pharmaceutical Training seminars on GLP. GLP training was provided by 
Jeiven Pharmaceutical Consulting Inc. (Scotch Plains, NJ). All drug treatments , Blast-
TBI procedures, short term and long term outcome were  assessment were performed in  
GLP compliant manner . The investigators were blinded to the treatment codes during 
the blast procedure and all the behavior and immunohistochemical analyses. 
 

 

Post-blast-TBI treatment. 

Glibenclamide delivery for post-blast-TBI treatment. 

Within 2–3 minutes of Blast-TBI induction, mini-osmotic pumps (Alzet 2002, 0.5 μl/h; 
Durect Corp.) were implanted subcutaneously that delivered either vehicle (saline plus 
DMSO), or glibenclamide stock solution (Sigma-Aldrich). To immediately start the 
treatment an intraperitonial injection was followed the pump insertion 1ml/kg body 
weight. Stock solutions of glibenclamide (Sigma, St Louis, Mo) were prepared in 
dimethylsulfoxide (DMSO) (5 mg/mL). Solutions for delivery were prepared by adding 
stock solution to normal saline (NS) and clarifying the solution as needed using a 
minimum amount of NaOH to a pH approximately 8 to 8.5. Solutions prepared in this 
way and stored at 37°C for 48 hours retained >80% efficacy as measured in patch clamp 
experiments on KATP channels in insulinoma cells. Infusion doses were delivered using a 
subcutaneously implanted miniosmotic pump (Model 2001; 1.0 μL/h; Durect Corp, 
Cupertino, Calif), which was always implanted immediately after Blast-TBI. Vehicle (NS 
plus DMSO) was used in the control animal group. 

Effect of glibenclamide on short-term outcome from Blast-TBI was studied in three 
animal groups :1) Sham control;2)Blast-TBI with  vehicle treatment; 3) Blast-TBI with 
glibenclamide treatment 
 
Sensory- and vestibulomotor tests performed:  Accelerating RotoRod, Beam 
Walk, and Beam Balance., and Spontaneous Rearing 
Pre-training for behavior was performed for baseline, and behavior tests were repeated 
on 24 hrs, 3 days, 7 days and 14 days post blast.   
 

Objective 1c: determine the effect of glibenclamide treatment on short-term outcome from 
blast-TBI. 



 

Results
 
Fig.1 
 

 
Fig.2 
 

 
 
 
 
 

s . 

 

 

8

Post Blast Treatment /Accelerating RotoRod 

-VI 

-g 70.0 +------411k--------------­
o 
v 
5: 60.0 +----1---~--'ll"----T---~----

"0 
~ 50.0 +--______c~~r-::::::::::;~_...,_'"'!::IIC~~~---
o .... 
~ 40.0 +-----___,.._'"""------------

c 
0 30.0 +-----------------.... 
c 
~ 20.0 -t----------------
<11 

Q) 

E 10.0 -t----------------
i= 

BASELINE 24 hrs PI 72 hrs PI 7 Days PI 14 Days PI 

~Sham (n=27) 

~Veh (n=20) 

-.-Glib (n=26) 

Post Blast Treatment/ Beam Walk 

10.0 ....-------------------

9.0 +-------=------------

8.0 +-------f------------

7.0 +-------+------------

6.0 +----~'--1-"111-----------

5.0 

4.0 +--~~--=-----::!1~"-::::--------

3.0 b~~::::~~~~:!== 2.0 

1.0 +------------------

0.0 +------..-----..-----,------,----, 

Baseline 24Hr PI 72Hr PI 7Day PI 14 Days PI 

-t-Sham {n=27) 

- Veh(n=20) 

-+-Glib (n=26) 



 

 
 
Fig. 3 
 

 
Fig.4 
 

 

 

 

9

Post Blast Treatment I Beam Balance 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 
Baseline 24hr PI 72hr PI 7Day PI 14 Days PI 

Sham (n=27) 

~Veh (n=20) 

-+-Glib (n=26) 

Post Blast Treatment/Spontaneous 
Rearing {29.5cm) 

~ 40 t---~~r~L~--oiO!'!!!!!~~===~-
·;:: 
It! 
(1.1 
... 30 +-----ill~----------.... 
c:: 
(1.1 

~ 20 +-----------------

(1.1 

E 
;:: 10 +-----------------

Sham (n=27) 

- Veh (n= 20) 

-a-Glib (n=26) 



 

Conclu
Cranium
days) de
Spontan
balance,
Treatme
Beam Ba
(Fig.4)  
 
Prophy

Glibenc
Osmotic
identica
Rats we
before th
the blas
ketamin
COBIA 
procedu
providin
Sensor
Walk, an
Pre-train
on 24 hr
 
Results
 
Fig. 5 
 

usions. 
m only Blast
eficits in no
neous Reari
, truncal sta
ent with glib
alans test o

ylaxis trea

clamide d
c pumps a
l to those d

ere treated 
he blast an
st-TBI pro

ne/xylazine 
with BDC 

ure , under 
ng infusion 
ry- and ves
nd Beam Ba
ning for beh
rs, 3 days, 7

s. 

t-TBI induc
n-coerced a
ing – vertic
ability bilat
benclamide

outcome (Fi

atment 

delivery fo
and compo
described ab

with either
d continue

ocedure tre
 anesthesia
29.5cm (7
 anesthesia
 of the glibe
stibular-m
alance.,  an
havior was 
7 days and 1

ced using C
and coerced
al explorati
eral hindlim

e administe
ig.3) and sh

or prophyl
sition of t

bove for pos
r vehicle (s
d treatmen

eatment pu
a in  aseptic
62kPa) and

a subcutane
enclamide f

motor test
d Spontane
 performed
14 days pos

OBIA appa
d vestibulom
ion behavio
mb dexterit
ered after Bl
howed signi

laxis treat
the glibenc
st-Blast-TB
saline plus 

nt for anoth
umps were
c conditions
d charge 4
eous pump
for addition
ts perform
eous Rearin

d for baselin
st blast.   

aratus resul
motor tasks
or , a compl
ty, strength
last-TBI ha
ificant faste

tment of t
clamide an
BI treatmen
 DMSO) or

her week aft
e implante
s . The Bla

4 shells. Im
ps were exc
nal 7 days. 

med:  Accel
ng 
ne, and beha

lts in transi
s as well as 
lex exercise

h and minim
ad tendency
er recovery 

the Blast -
nd vehicle 
nt regimen. 
r glibencla

fter blast. O
ed subcutan
st-TBI was

mmediately 
changed fo

lerating Rot

avior tests w

ient (1 to 14
 in inhibitio

e that requi
mal anxiety.
y to improv
 in Rearing 

-TBI 
solutions 

 
mide one w

One week be
neously, u
 achieved u
 after the B
r the new 

toRod, Bea

were repea

10

4 
on of 
res 
. 

ve 
 test 

were 

week 
efore 

under 
using 
Blast 
ones 

am 

ated 

 



 

 
Fig. 6 
 
 

 
Fig. 7 
 

 
 

11

 

 

0.5 

0.4 

0.3 

QJ ... 
0.2 0 

u 
VI 

0.1 

0 

-0.1 

90 -
~ 80 
s:::: 
0 
v 70 
QJ 
VI 

s:::: 60 

; 50 
s:: 
·~ 40 
s:: 
~ 30 
QJ ... 
..... 20 
s:::: 
QJ 

~ 10 
QJ 

E 0 
j:: 

Pretreatment Blast I Beam Balance 

Baseline 24h 72h 7d 14d 

Naive (n=14) 

---Veh (n=8) 

-.-Giib(n=7) 

Pretreatment Blast I Rearing 

-- ~ 
·~ 

-vr -/ 

"'- v 

Baseline 24h 72h 

•• 

7d 

......... 
.........: 

!! 

14d 

Na'(ve (n=14) 

~Veh (n=8) 

-+-Glib {n=7) 



 

 
Conclu
showed 
Balance 
Rearing 
treatmen
(Fig. 7, G
 

Post-bl
 
Glibenc
treatmen
term out
 
Cogniti
Increme
Morris w
14 days.
formalin
 
Results
 
Fig. 8 

 

Objectiv
neurobe

usions.   Pr
 significantl
 task (Fig. 6
 task vertic
nt (Fig. 7, V
Glib) 

last-TBI tr

clamide 
nt regimen
tcome from

ive/learni
ental learnin
water maze
  After com

n and brain

s.  

ve 1d: d
havioral ou

rophylaxis t
ly better im
6) in compa
al explorati

Veh) was ab

reatment.

delivery 
n is identica
m blast-TBI 

ing tests p
ng test, Me

e tests were 
mpletion, at
n tissues har

determine 
utcome from

treatment w
mprovement
arison to po
ion activity

bsent in rats

 

for post
al to the re
 (Objective 

performed
mory Probe
 initiated o
t day 28 all
rvested for 

the effec
m blast-TBI

with glibenc
t in vestibu
ost Blast-TB
y deficit obs
s after Blast

 

t-blast-TB
egimen desc
 1c). 

d:  Morris W
e test, and R
n day 14 af
l animals w
 immunohis

ct of glib

clamide pri
ulomotor de
BI treatmen
served after
t- TBI treat

BI treatm
cribed abov

Water Maze
Rapid learn
fter Blast-T
were euthan
stochemica

benclamide 

ior to the Bl
eficits tested
nt. In Spont
r Blast-TBI 
ted with gli

ment. The 
ve for the s

e (MWM) b
ning Test.  

TBI and wer
nized, perfu
al and mole

treatmen

last-TBI 
d in Beam 
taneous 
 with vehicl
ibenclamide

 glibenclam
study on sh

based: 

re continue
usion fixed 
cular studie

nt on lon

12

le 
e 

mide 
hort-

ed for 
 with 
es. 

ng-term 



 

 
 
Fig. 9   
 

 
 
 
Conclu
using M
Learning
deficits a
(Memor
new hidd
task, Fig
compared
 
Prophy
Glibencl
treatmen
term ou
implante
immedia
 
 
Cogniti
Increme
Morris w
14 days.
formalin
studies. 

                    

usions.  An
orris Water
g or  acquis
associated w
ry Probe, Fi
den platform
. 10). Gliben
d to vehicle 

ylaxis trea
lamide deli
nt regimen

utcome from
ed subcut
ately after t

ive learnin
ental learnin
water maze
  After com

n and brain
 

                    

nalysis of th
r Maze task
sition phase
with retent
ig. 9). Addit

m location aft
nclamide trea
treated rats i

atment 
ivery for pr

n is identica
m blast-TBI
taneously 
to continue 

ng tests pe
ng test, Me

e tests were 
mpletion, at
n tissues w

                    

he acquisitio
ks show tha
e (Fig. 8). H
tion of the l
tionally, on
ter a single le
atment post-
in these cogn

rophylaxis 
al to the re
I (Objective
1 week p
 glibenclam

erformed
mory Probe
 initiated o
t day 28 all
was  harve

                 Fi

 

on and rete
at Blast-TBI
However, Bl
earned abil

nly sham an
earning trial
- Blast-TBI d
nitive/learni

treatment 
egimen desc
e 1c) except
prior to B
mide infusio

d: Morris W
e test, and R
n day 14 af
l animals w
ested for im

ig. 10 

ntion of the
I did not im
last-TBI cau
lity to reach

nimals exhib
l at 4 weeks 
did not show
ing tasks. 

of the Blas
cribed abov
t pumps gli
Blast-TBI 
on for 1 wee

Water Maze 
Rapid learn
fter Blast-T
were euthan
mmunohist

e cued spat
mpede Incre

used promi
h quickly hi
bited memor
after injury 

w significant 

st -TBI The
ve for the s
ibenclamid
procedure 

ek after . 

 (MWM) ba
ning Test. 

TBI and wer
nized, perfu
tochemical 

tial learning
emental 
inent cogni
idden platfo
ry retention f
(Rapid Lear
 improveme

e glibenclam
study on sh

de delivery 
 and repl

ased: 

re continue
usion fixed 
 and molec

13

 

g 

itive 
orm 
for a 
rning 
ents 

mide 
hort-
were 
laced 

ed for 
 with 
cular 



 

 
Results
 
Fig. 11 
 

 
 
 
 
Fig. 12 
 

s . 

                                                                             F

 

Fig. 13 

0
2
4
6
8
10
12
14
16
18

Na

Ti
m
e 
sp
en

t i
n 
co
rr
ec
t q

ua
dr
an

t 
(s
ec
on

ds
) 

Pretre

aïve (n=12) V

eatment B
Learn

Veh (n=8) G

Blast/ Ra
ing

14

 

 
Glib (n=7)

apid 

 



 15

 
Conclusions. Analysis of the acquisition and retention of the cued spatial learning 
using Morris Water Maze tasks show that Blast-TBI did not impede Incremental 
Learning or  acquisition phase (Fig. 11). However, Blast-TBI caused prominent cognitive 
deficits associated with retention of the learned ability to reach quickly hidden platform 
(Memory Probe, Fig. 9). Notably, both sham and Blast-TBI glibenclamide pretreated but 
not vehicle treated animals exhibited memory retention for a new hidden platform location 
after a single learning trial at 4 weeks after injury (Rapid Learning task, Fig. 13). Glibenclamide 
prophylaxis treatment of the  Blast-TBI did show significant improvements compared to vehicle 
treated rats in these cognitive/learning tasks (Fig. 13). 
 
 

 

 
The SUR1 blocker, glyburide, in normal human volunteers. This activity has 
been transferred to the University of Washington, St. Louis, due to the fact that the 
investigator responsible for this experiment has moved there as faculty. 
 
 
 
 
 
KEY RESEARCH ACCOMPLISHMENTS: Bulleted list of key research accomplishments 
emanating from this research. 
 
During last year of the project we concentrated our efforts on the following tasks: 
 

1) Detailed anatomical evaluation of the cells de novo expressing SUR1 protein 
Correlation between SUR1 and neuronal injury. 

2) Correlation of the  neuroinflammatory cellular responses  to the expression of the 
SUR1 and TRPM4 proteins in the brain regions after direct delivery of the blast 
wave to the brain via cranial exposure  

3) Evaluation of the short term (sensory- and vestibulomotor) outcomes of the 
glibenclamide efficacy in blast-TBI. 

4) Evaluation of the short term long term (cognitive/learning ) outcomes of the 
glibenclamide efficacy in blast-TBI. 
 

 
REPORTABLE OUTCOMES: Provide a list of reportable outcomes that have resulted from this 
research 
 
“Rodent Model of Direct Cranial Blast Injury”. Kuehn R, Simard PF, Driscoll I, 
KeledjianK, Ivanova S, Tosun C, Williams A, Bochicchio G, Gerzanich V, Simard JM. J 
Neurotrauma 2011. PM:21639724 

OBJECTIVE 3: in normal human volunteers, determine the safety of oral 
glibenclamide as it might be used as prophylaxis against blast-TBI. 
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“Exposure of the thorax to a sublethal blast wave causes perivascular neuro-
inflammation”. Simard, JM., Keledjian, K., Tosun, C., Schwartzbauer, G., Ivanova, S., 
Gerzanich, V. submitted:  2013 J. Trauma Acute Care Surgery. 
 
“Blast TBI: Involvement of Direct and Indirect Injury to the Brain” Military Health 
System Research Symposium 13-16 August 2012, Fort Lauderdale, Florida. 
 
"Selective Vulnerability of the Foramen Magnum Region to Blast TBI." Adam Pampori, 
Kaspar Keledjian, Cigdem Tosun, Volodymyr Gerzanich, J. Marc Simard. The 17th 
annual VAMHCS Research Day, May 6, 2013 at the Baltimore VA Medical Center, 
Baltimore, MD. 
 
"Selective Vulnerability of the Foramen Magnum Region to Blast TBI." Adam Pampori, 
Kaspar Keledjian, Cigdem Tosun, Volodymyr Gerzanich, J. Marc Simard. National 
Capital Area TBI Research Symposium, Apr. 29-30 2013 at Natcher Conference 
Center of the National Institutes of Health, Bethesda, MD. Oral presentation. 
 
“Invivo Diffusion Kurtosis and MR Spectroscopy Changes Following a Novel Direct 
Cranial Blast TBI.”  Jiachen Zhuo, Kaspar Keledjian, Adam Pampori, Volodymyr 
Gerzanich, J. Marc Simard, Rao Gullapali. National Capital Area TBI Research 
Symposium, Apr. 29-30 2013 at Natcher Conference Center of the National Institutes of 
Health, Bethesda, MD. Oral presentation. 
 
 
 
CONCLUSION: Summarize the results to include the importance and/or implications of the 
completed research and when necessary, recommend changes on future work to better address the 
problem. A "so what section" which evaluates the knowledge as a scientific or medical product shall also 
be included in the conclusion of the report.  
 

1. Detailed analysis of the de novo expression of the SUR1 and TRPM4 proteins 
shows that the  channel formed by these two molecules is significantly 
upregulated after cranium only Blast TBI. 

2. The areas of the brain that show expression of the SUR1/TRPM4 channel 
exhibited prominent neuroinflammatory responses in agreement with predicted 
role of the channel  in mediating cell injury. 

3. Time course of the SUR1/TRPM4 channel expression after Blast-TBI (3 hours to 7 
days) indicates that prospective glibenclamide therapy after Blast TBI has to last 
at least 1 week after the blast. 

4. Study of the short term and long term outcomes after Blast TBI with and without 
treatment suggests that glibenclamide is beneficial in treatment of the 
vestibulomotor and cognitive deficits after the Blast-TBI. 

5. Prophylaxis treatment with glibenclamide prior to the Blast- TBI is more effective 
in improving long term cognitive deficits. 
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SUPPORTING DATA: All figures and/or tables shall include legends and be clearly marked with 
figure/table numbers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




